The standardization of requeijão cheese quality characteristics is a processing stage which is directly influenced by the chemical composition of the raw material. Fat and water concentrations are the main factors that cause variation in quality properties of the requeijão and, when not thoroughly controlled, may cause a lack in standardization of the food. Calculations of ingredients for effective standardization must be made in relation to the final product through of iterative calculations, which makes the manual process unfeasible. Thus, the objective of the present study was to develop a spreadsheet for ingredient calculation, with restrictions being the different concentrations of fat and water in order to standardize the final products. The spreadsheet was developed using the Excel 2007 ® Solver function, with just four input data: quantity of mass, water and fat content of the mass and fat content of the cream. The optimal solution was that which maximizes the amount of final product while meeting the stipulated constraints of fat and water. Results obtained with the spreadsheet were validated by processing the requeijão cheeses and comparison of the theoretical and practical parameters using the t-test. There was no significant difference between fat and water contents (p>0.10) estimated and verified in practice. Therefore, the use of the spreadsheet proved to be efficient for standardization of requeijão formulations. 
INTRODUCTION
The technology of processed cheeses initiated in the early twentieth century, with the need to deter microbial and enzymatic processes in Swiss and German cheeses, so as to facilitate exports to countries with hot climates (Garruti et al., 2003) . Requeijão cheese is a type of cheese originating in Brazil, produced on a large scale within the country (Alves et al., 2007) and, according to decree 359/97, must be obtained by fusing a washed mass of curd, obtained by acid and/or enzyme coagulation of milk, with addition of cream and/or butter and/or anhydrous milk fat and/or butter oil (Brazil, 1997) .
Products on the market denominated requeijão cremoso possess different concentrations of fat and water, presenting extremely varied textures (Gallina et al. 2008; Gomes and Penna, 2010) . The creamy consistency of the requeijão is due to the absence of a rigid protein matrix as a result of strong agitation and homogenization to which the requeijão is subjected during processing (Vélez-ruiz and Barbosa-Cánovas, 1997) . This mechanical treatment is necessary for hydration of proteins, which together with the thermal treatment, curd type, content of fat and emulsifying salts, pH and cooking time of the mass will determine the texture of the final product, which is recognized as one of its key quality attributes (Baroni et al., 1999) .
The variation in composition between the different requeijão cheeses found in the market is related to a broad spectrum of consistency of these products (Metzger and Mistry, 1995, Cunha et al., 2006) and, when not properly controlled, it is the main factor responsible for the lack of standardization in quality characteristics of this product (Cavalcante and Costa, 2005) .
For effective standardization of foods the percentage of ingredients must be obtained in relation to the final product (Van Dender, 2006) , thus, calculation of the quantities to be added during processing is a complex and arduous task to be performed manually. It is therefore necessary to implement a spreadsheet for this purpose. The Solver function is a tool within an Excel ® spreadsheet and is based on the search for an optimal solution while considering a set of predetermined constraints (Reyck and Degraeve, 2006; Martins and Silva, 2009 ). There are other specific software to solve this kind of problem, but the solver function has the advantage of using a user-friendly interface and has widespread use, in addition to easy integration with other tools because it is a supplement of Excel ® (Brown, 2001; Dasgupta , 2008) .
In this context, the objective of this study was to develop a spreadsheet in Excel ® software using the Solver function to calculate formulations of requeijão cremoso with the different restrictions in regards to fat and water contents, aiming for the standardization of this product.
MATERIAL AND METHODS
To define the composition of light requeijão cheeses, the Central Composite Rotatable Design (CCRD) was used with two factors (fat and water) at two levels (2 2 ), plus four axial points (2x2) and one central point. The central point was repeated three times to estimate the pure error, totaling 11 trials (Fig. 1) . The fat concentrations in the study were defined so that the formulation with greatest fat percentage (18.7%) would meet the minimum reduction required by legislation to be considered light (Brazil, 1998) . The minimum fat concentration (8.7 %) and high and low water concentrations (71% and 64%) were defined by preliminary testing. The other levels of fat and water were stipulated by statistical design, so that all points are encountered at a distance of α from the central point (CP).
The requeijão processing was performed at the pilot plant in the Departamento de Tecnologia de Alimentos of Universidade Federal de Viçosa. Products were composed of the mass (raw skim milk and lactic acid), water, milk cream, whey protein concentrate (WPC), NaCl, emulsifying salt and preservatives (potassium sorbate and nisin). The concentration of whey protein concentrate (WPC 34  Gemacom) was set at 2% in relation to the final product for all formulations. Concentrations of NaCl (0.80%  Cisne), emulsifying salt (0.70%  Joha S9), potassium sorbate (0.020%  Gemacom) and nisin (0.017%  Danisco) were defined according to literature (Van Dender, 2006) . Processing was conducted in an open vessel with mechanical agitation at 50 rpm.
Production flowchart of Requeijão (Fig. 2) was according to the method proposed by Fernandes and Martins (1980) with modifications determined in preliminary tests. To define the amount of each ingredient to be added during processing, so that the fat and water concentrations in the final formulations correspond to the levels stipulated by the experimental design CCRD, the following variables were taken into account: mass, water concentration and fat mass, percent of fat in cream and quantity of water lost by evaporation during the fusion process.
To perform the calculations a spreadsheet was developed in the Excel 2007 ® software and the Solver function was used to add the constraints of fat and water, as stipulated by the experimental design. The optimal solution is defined as the maximal amount of the final product that meets the constraints of fat and water stipulated by the design. Therefore, to build the spreadsheet, the ingredients used in requeijão processing were arranged in the rows of the spreadsheet and the components (total dry extract, fat, water and salt) were arranged in columns, as depicted in Fig. 3 . For the calculations some information is needed on the ingredients that are to be used, such as: quantity of mass (g), water content and fat in the mass (%) and fat content of the cream (%); therefore, data entry cells were created (I3: I6). Because each formulation must present different characteristics (fat and water concentration), it was necessary to define the characteristics desired in the final product and cells were also creased to define such characteristics (L2, L3). In preliminary tests it was determined that 1.300kg of water was evaporated during the fusion process (30 minutes) in the equipment test regardless of the amount processed, therefore this quantity of water was added to the total amount of water to be added during processing to obtain the desired water content in the final product.
To allow for the calculation of the amount of ingredients, formulas were added that correspond to the characteristics of each ingredient (Tab. 1). Because the amounts were calculated in relation to the final product and the final total of requeijão depends on the quantities of ingredients added in the process, the iterative calculation option of the Excel 2007 ® software was used. In order for the software calculations to take into consideration the fat and water concentrations defined for each formulation, the following constraints were placed on the solver function: (1) B11 = 100 and (2) L9:L10 = L2:L3. Constraint (1) indicates that the final product amount should be equal to 100 % and constraint (2) indicates that the fat (L9) and water contents (L10) resultant of the calculations performed by the Solver must meet the defined values entered in cells L2 and L3, remembering that cells L9 and L10 (variable cells) are empty, being satisfied after performing the calculation by the Solver function. After the construction of the spreadsheet and addition of the constraints, the input data was entered and the characteristics desired for the final product were defined for each formulation separately.
Thus, the fat content from cream and the fat mass were determined by the Gerber method, according to methods described in Brazil (2005) . Water content was determined in a Consul brand microwave oven (Luz et al., 1998; Valentini et al., 1998; Pastorini, et al., 2002; Nery et al., 2004) (5 minutes at 70% power). To determine the water content, the mass was mixed with sand in equal proportions. The input data for processing is described in Tab. 2.
The output responses of the software were the quantities of ingredients that must be added in processing. Thus, the nine formulations were processed using the mass obtained by direct acidification of milk with 85% lactic acid P.A at 70ºC, according to the technology described by Alves et al. (2007) . Processing was carried out in an open pan fitted with a mechanical stirrer at 50 rpm.
To verify if the obtained requeijão products met the requirements stipulated in the design, the fat and water contents of the requeijão cheeses were determined according to the methods described in Brazil (2005) . Analyses were performed in duplicate for each repetition. The presented fat and water contents were compared with the theoretical parameters using the t-test. B2 (Quantity of mass) (B2 = I3) A link with cell I3 was created which corresponds to the input data "quantity of mass". C2 (Total Dry Extract -TDEof the mass) (B2 -E2) The TDE of the mass corresponds to the quantity of mass (B2) subtracted from the water present in the mass (E2).
D2 (Fat of the mass) (B2*I5)
The fat of the mass is defined by the quantity of mass (B2) multiplied by the fat content of the mass (I5).
E2 (Water content of the mass) (B2*I4)
The water content is defined by the quantity of mass (B2) multiplied by the water content of the mass (I4). F2, F3, F4, F6, F7, F8 and F9 (Concentrations of salt in the ingredients, except NaCl) 0
It was considered that only the ingredient NaCl significantly contributed to the total percentage of salt in the requeijão.
B3 (Quantity of cream) (((L10*B10)/ I6)-(D6/I6) -(D2/I6))
The quantity of cream to be added in the requeijão is calculated related to the desired fat content (L10*B10), subtracted from the contribution of fat from the whey protein concentrate (WPC) (D6) and the contribution of fat of the mass (D2).
C3 (TDE of the cream) (C3 = D3)
The cream is mainly composed of fat and water, thus the total dry extract of the cream corresponds to the fat present in the cream to be added.
D3 (Fat content of the cream) (I6*B3)
Corresponds to the quantity of fat added to the process in the cream, i.e., quantity of cream (B3) multiplied by the fat content of the cream (I6). B4 (Quantity of emulsifying salt) 0.7*B10/100 As reported, it was considered to make up 0.7% of the final product (B10). C4 (TDE of the emulsifying salt) (C4 = B4) The water content of the emulsifying salt may be considered to be zero, however the TDE will be equal to the quantity of emulsifying salt. D4 and E4 (Water, fat and salt of the emulsifier) 0 The concentrations of water, fat and salt of the emulsifier will be considered nil. B5 (Quantity of NaCl) 0.8*B10/100 As reported, 0.8% in relation to the final product (B10) was considered.
C5 (TDE of NaCl) (C5 = B5)
The water content of NaCl will also be considered zero, however, the TDE will be the quantity of NaCl. D5 and E5 (Concentration of fat and water in the NaCl) 0 The concentrations of water and fat in the NaCl are nil.
F5 (Salt of the NaCl) (F5 = B5) B5 corresponds to the quantity of NaCl. B6 (Quantity of WPC) 0.02*B10 As reported, 2% in relation to the final product (B10) was considered. C6 (TDE in the WPC) 95.4*B6/100 The concentrate utilized possessed 95.4% TDE. D6 (Fat in the WPC) 2.1*B6/100 The concentrate utilized possessed 2.1% fat. E6 (Water in the WPC) 4.6*B6/100 WPC utilized possessed 4.6% water. B7 (Quantity of potassium sorbate) (0.02*B10) /100 As reported, 0.02% in relation to the final product (B10) was considered.
B8 (Quantity of nisin) (0.017*B10) /100 As reported, 0.017% in relation to the final product (B10) was considered. C7 and C8 (TDE in the preservatives) (C7 = B7) and (C8=B8)
Water content of the preservatives is considered zero, however, the TDE is equal to the quantity of preservatives. D7 and D8 (Concentration of fat in the preservatives) 0 The concentration of fat in the preservatives is considered nil.
E7 and E8 (Concentration of water in the preservatives) 0 The concentration of water in the preservatives is considered nil.
B9 (Quantity of water) ((L9*B10) -SUM(B2:B8))
The quantity of water to be added corresponds to the quantity of water desired in the final product (L9*B10) subtracted from the quantity of water added in the process included in the other ingredients. C9 and D9 (TDE and fat content in the water) 0 The concentrations of TDE and fat in the water are nil.
E9 (Moisture content of the water) (E9 = B9) Cell B9 corresponds to the amount of water added.
B10, C10, D10, E10 and F10 SUM
Summing formulas were added to determine the total of each component (quantity, TDE, fat, water and salt). Example: B10 = (SUM B2:B9).
C11, D11, E11 and F11 Percentage
Formulas were added which correspond to the percentages of each component. Example: C11 = (C10/B10*100).
B11 = C11+E11
The sum of the dry matter percentage (C11) and water content of the product.
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RESULTS AND DISCUSSION
The structure of the developed spreadsheet and formulas inserted in each cell are shown in Fig. 4 .
After the insertion of the restrictions and the input data for each formulation separately, the spreadsheet provided the quantity of each ingredient that should be used in processing the requeijão (output data), which is encountered in Tab. 3.
The obtained values of fat and water contents of the processed requeijão cheeses are shown in Tab. 4. Theoretical and experimental levels of fat and water in the requeijão samples did not differ significantly by the t-test and presented p-values of 0.8670 and 0.7887, respectively. This indicates that the processed formulations met the requirements stipulated by the design, and therefore the worksheet was efficient for calculating ingredient quantities to obtain standardized cheeses. It should be noted that the repetitions of formulation F9 (CP) were obtained from raw materials with different characteristics (water and fat mass contents and fat content in the cream) and presented a similar centesimal composition. This shows that proper use of the mass balance generated more standardized final products, which indicates that the spreadsheet developed in this work is an interesting alternative allowing for simple and economical quality control of dairy products.
The developed spreadsheet can be applied to control the quality of other products, dairy and non-dairy, where the restrictions of the formulations can be adapted to other constituents (e.g. additives, proteins, salt and others). Additionally, the number of restrictions inserted in the spreadsheet is not limited and is a simple process, requiring only that the insertion process be repeated as often as necessary. The use of this tool in quality control allows for acquisition of products from different batches with the same characteristics, meeting market demands.
CONCLUSIONS
The developed spreadsheet is efficient in the calculation of ingredients to obtain standardized formulations regarding fat and water variables. This spreadsheet proves to be an excellent tool for quality control of dairy and non-dairy products when the objective is to obtain standardized products based on the composition of the food.
